Background: Bony stress injuries (BSIs) are common among adolescents involved in high school sports. A better understanding of factors that contribute to adolescent BSI is needed to target preventative measures.
A ccording to the National Federation of State High School Associations, participation in high school sports continues to grow, 21 as does the incidence of adolescent overuse injuries, including bony stress injury (BSI). 5 Young athletes appear to be more susceptible to BSI than adults 6, 13, 15, 24 ; 40% to 50% of all reported BSIs occur in those younger than 20 years of age. 10, 16, 19 There is much variability in the definition of a stress fracture by physicians. 3 Some practitioners refer to grades of stress reaction compared with others who call significant stress reaction a stress fracture. To simplify this discrepancy and reflect a growing trend, all stress fractures were referred to as BSIs in this study. 21 Adolescence is a time of growth and involvement in formal, organized club and high school-based sports. High school sports often increase the demands on time by increasing duration, frequency, and intensity of sporting activity. Athletes may be expected to train year-round, specialize at a younger age, and become involved in more intensive training. Consequently, participation in organized sports during adolescence has been noted as a risk factor for adolescent BSI. 1 Understanding the factors that contribute to injury is an important first step in the development of preventative strategies. Therefore, the objective of this study was to identify and compare factors associated with adolescents involved in high school sports who experienced BSIs relative to a healthy athletic control group.
Methods

Study Population
The survey and methodology were reviewed and approved by a university institutional review board. We analyzed data from the National High School Stress Fracture Registry (NHSSFR), an internet-based data recording system, for 53 different variables that may be associated with adolescent stress fracture or BSI. A total of 60 certified athletic trainers from 11 different states who worked in varied demographical high school settings during a 2-year time period volunteered and registered to collect the deidentified data. Reports were filed by the athletic trainer when an adolescent athlete (13-18 years of age) was diagnosed by a physician as having a BSI. The athletic trainer would log onto the site with the athlete and complete the 53-question survey.
Questions selected for the registry were gathered from reviews of published literature and identified as factors that contributed to BSI. This survey was validated by a review of 10 licensed athletic trainers who reviewed the survey for content. Revisions to the final version were made based on feedback from the review group.
Questions on the registry included demographics, training activity, sports participation, nutrition, shin pain history, pain, diet, sleep, stress, equipment, and facilities. The healthy control group data were collected from athletes in various sports from 2 different schools who did not have any history of athleticrelated bony pain and who completed the same 53-question survey.
Definition of Injury
The NHSSFR defined BSIs as those injuries diagnosed by a physician and confirmed by either radiograph, magnetic resonance imaging, bone scan, or computed tomography. A reportable BSI occurred as a result of involvement with a high school sport. Individuals who reported more than 1 BSI were recorded as separate injuries, but results were only analyzed based on each reporting individual. A detailed explanation of the inclusion criteria, which included notation of history, positive imaging, and formal physician diagnosis, was provided to all athletic trainers who registered with and participated in the study.
Statistical Analysis
Descriptive statistics are reported for all relevant continuous variables. Comparative bivariate analyses between groups (BSI vs control) and sexes for continuous variables were performed using a 2-way analysis of variance, where P < 0.05 was considered significant. Post hoc Tukey tests were completed where necessary, and P values were adjusted accordingly. Comparative analyses for categorical variables were performed using chi-square analysis. All analyses were executed using SPSS software (v 24.0; IBM Corp).
Results
The NHSSFR reported 346 adolescent BSIs in 314 (206 females, 108 males) athletes during the 2-year recording period. The majority (89.9%) of athletes reporting BSI were Caucasian. Twenty-four females (11.7%) reported more than 1 BSI location compared with 6.5% of males; 13 of the 24 (54.1%) were bilateral. Seven males reported BSI in multiple areas, and 1 (14.3%) was bilateral. BSI locations included the following: 14 (45.2%) in the lower leg (tibia/fibula), 14 (45.2%) in the foot, and 3 (9.7%) in the lumbar spine. The tibia was the most frequently reported site, followed by the foot (25.7%), fibula (8.3%), lumbar spine (6.6%), hip/pelvis (5.1%), and femur (3.2%).
Based on chi-square analysis, males and females alike reported stress injury with a frequency that would be as expected based on the sample size. Significant differences between patients and controls were noted for body mass index (BMI), sleep, weight training, stress levels, history of "shin splints," and dairy intake ( Table 1 ). The mean BMI for patients with BSI was 20.96 for females and 21.52 for males, compared with 23.24 for female and 24.19 for male control participants. Although BMI was in the normal range for their age, BMI was significantly lower for patients with BSI injury compared with controls (P < 0.001).
With regard to diet, patients with BSI reported consuming significantly fewer dairy products than the control group (2.25 vs 2.69; F = 6.43; P = 0.01). Females also consumed significantly fewer servings of dairy than males (2.17 vs 2.64; P < 0.001).
Athletes were asked to rate their daily stress as high, moderate, low, or no stress. A stress score was computed based on a scoring of 3 points for high stress, 2 points for moderate stress, 1 point for low stress, and 0 points for no stress. Normal daily stress levels were significantly different between patients with BSI compared with controls. Those with BSI had significantly higher average stress ratings than control participants (1.67 vs 1.42; P < 0.001), independent of specific sport involvement. Females also rated their stress levels significantly higher than males (1.8 vs 1.38; P < 0.001).
Forty-eight percent of athletes who reported BSI played 3 seasons per year. Most participants were involved in more than 2 seasons, and patients with BSI were involved in significantly more seasons per year than control participants (P = 0.045).
Patients with BSI reportedly slept significantly less than the control group (7.2 vs 7.95 hours; F = 34.41; P < 0.001). Females also slept significantly less hours than males (7.2 vs 7.63 hours; F = 11.02; P < 0.001).
Fifty-eight percent of those who reported a BSI did not engage in any weight training. There was a main effect for group, with BSI patients training with weights significantly less times per week than controls (1.03 vs 2.12; P < 0.001). There was also a main effect for sex, with male patients training with weights significantly more times per week than females (1.74 vs 0.97; P < 0.001). A significant interaction was also noted across groups, with males in the control group training with weights significantly more times per week than females with BSI (2.95 vs 0.87; P < 0.001).
A significant difference between patients with BSI and controls existed for history of "shin splints" (Pearson χ 2 = 28.31; P < 0.001). More patients with BSI expressed a history of shin pain greater than expected, while fewer control participants reported shin pain greater than expected. Within the patients with BSI, a significant difference existed between males and females, with females reporting a history of shin pain more frequently than males relative to what would be expected (Pearson χ 2 = 10.07; P < 0.001). Females also expressed having shin pain lasting for greater than 4 weeks (Pearson χ 2 = 8.12; P < 0.001) and more often than males (Pearson χ 2 = 5.84; P = 0.02). Patients with BSI were asked to subjectively rate their pain on a scale of 0 to 10 (0, no pain; 10, worst pain). The mean subjective pain score was 7 ( Figure 1 ). Eighty-one percent of respondents with BSI expressed a score of greater than 6. Given that the control group was uninjured, they did not express any bony pain, for comparison between groups. Chi-square analysis was performed to note any significant differences between males and females within the group with BSI with regard to pain measures. Significant differences were reported for night pain, with females expressing more pain at night (Pearson χ 2 = 4.33; P = 0.04), pain with ambulation (Pearson χ 2 = 10.25; P < 0.001), and pain negatively affecting performance (Pearson χ 2 = 8.75; P < 0.001) compared with males.
discussion
Few studies have examined BSI in the adolescent population across a variety of boys' and girls' sports and relative to a healthy control group while considering a wide sample of variables.
5,15
We were not able to capture the actual incidence of stress fracture, as tracking daily/seasonal participation was fluid for this Significant difference between females × group (stress fracture and control). study and therefore considered logistically challenging. Rather, the purpose of this study was to identify factors that contribute to BSI and these factors were found to be significant when compared with a healthy, athletic control group. Sixty-eight percent of females and 58% of males who reported to the NHSSFR competed at the varsity level, which was consistent relative to the control group (70% females, 64% males). When considering that the mean age for reported fracture was 15.62 years for females and 15.87 years for males and the age for junior/senior level participation in high school sports is 16 to 18 years, it appears evident that those who are younger and competing at a higher level may be at greater risk for BSI. Competing with older, more physically developed varsity athletes may increase the intensity of competition, physical demands, psychological stress, demands on time, and expectations. All factors may contribute to overload in a younger athlete and make them more prone to BSI. 27 Goldberg and Pecora 10 demonstrated that a change in sporting level from high school to collegiate was noted as a risk factor for BSI, as intensity of training and competition increased.
The BSI group noted shin pain that lasted longer than 4 weeks and occurred more often than that in the control group. This may indicate shin pain as a predisposition to injury 14, 18, 20, 29, 30 and emphasizes earlier recognition and more aggressive treatment recommendations for those experiencing adolescent bony pain. 2 Current understanding of adolescent BSI suggests that injuries not identified and managed appropriately may take significantly more time to heal, may progress to a more serious bony injury, including fracture, 9, 14, 22, 23 and do not always culminate in a good outcome after treatment. 7, 8, 15, 24 There also appears to be a high recurrence rate of BSI, from 6% to 36%. 10, 12, 17, 19, 26 A prior history of BSI is a strong predictor of future BSI. 11, 13, 26, 28 Eighty-one percent of athletes reported a BSI pain score of greater than 6, with a median score of 7 (see Figure 1) . Night pain, pain with ambulation, and pain that affected performance were all noteworthy findings. The incidence of BSI is frequently underreported or underappreciated by athletes and physicians. 4 In athletics, there is often a "no pain, no gain" mentality and a perceived toughness expected during competition.
Consequently, many athletes will attempt to push through and continue to compete while experiencing pain. 25 Therefore, determination of existing pain and duration is important.
Limitations
This study was performed using an online collection system that involved self-reporting of BSI. Significant limitations exist with the accuracy of self-reported data. The authors relied on the integrity of those reporting the BSI and related information. Survey questions were intended to focus on general concepts and do not reflect relative risk of injury or specific tracking of data from sleep/practice/dietary logs or devices.
conclusion Some male and female high school athletes across a wide range of high school sports are at risk for suffering a BSI. The adolescent athletic population is a distinctly unique group that should receive extra scrutiny considering the age of these athletes, involvement in competitive strenuous activity, growth, and development. A better understanding of factors that contribute to adolescent BSI needs to be refined and preventative strategies developed to reduce their impact.
Because of developmental differences in strength, size, ability, coordination, and bone strength between adolescents and adults, training variables suggested for adult athletes such as specialization, extended duration of practice, number of successive days of practice, and acceptable rest may not be appropriate for the adolescent population. Based on the findings from NHSSFR and the comparison of reported data with a healthy control group, significant targets for preventative strategies include the reduction of psychosocial stress, weight training, dairy intake, and appropriate sleep and rest. 
